Gastric cancer is a multifactorial disease with complex interplay of environmental and genetic factors. Helicobacter pylori (H. pylori) infestation has been identified as the most important etiological agent in the pathogenesis of gastric cancer. Also, the role of dietary factors that is low consumption of fruits and vegetables have been found to be associated with gastric cancer. Among the dietary factors, antioxidants especially vitamin C has been found to confer the strongest protection against gastric cancer. Its anti-proliferative and pro-apoptotic action has been suggested in vitro. Because of its antioxidant activity, it protects cells against oxidative DNA damage caused by toxic effects of reactive oxygen species. It also inhibits production of carcinogenic N-nitroso compound in the stomach.
Introduction
Gastric cancer is a heterogeneous disease that includes various malignant epithelial lesions with a variety of predisposing conditions and etiological factors. Incidence of gastric cancer varies worldwide between the male and female and across the various countries. It remains the fifth common cancer and third leading cause of cancer related mortality globally. In spite of reduction in the overall incidence of gastric cancer, survival rate is poor around 20% worldwide because of late presentation at the time of diagnosis [1] . Hence, several researchers have emphasized the importance of effective primary preventive measures for gastric cancer. Identification of the risk factors and chemoprevention of gastric cancer has drawn considerable attraction in the field of clinical oncology research.
Gastric cancer is a multifactorial disease with complex interplay of environmental and genetic factors. Common risk factors are old age, male sex, to ba cco s m o k i n g , fa m i ly h i s to r y, o b e s i ty, g a s t ro e s o p h a g e a l re fl u x d i s e a s e ( G E R D responsible for distal gastric cancer through different mechanisms like inflammation, genetic instability, epigenetic alterations [2] . Also, the role of dietary factors that is low consumption of fruits and vegetables have been found to be associated with gastric cancer [3] . Among the dietary factors, antioxidants have been found to confer the strongest protection against gastric cancer and by far the most effective of these is vitamin C. Fresh vegetables and fruits contain a wide variety of antioxidants. The causal association between deficiency of vitamin C and gastric cancer has been documented in literature.
Vitamin C and Gastric Cancer -Possible Link
Vitamin C or ascorbic acid, a water-soluble vitamin possesses antioxidant activity. It is an acidic molecule with strong reducing property. Because of its antioxidant activity, it protects cells against oxidative DNA damage caused by toxic effects of reactive oxygen species due to H. pylori infection [4] . Vitamin C may inhibit the growth of H. pylori and regulate immune response towards H. pylori infection. It also inhibits production of carcinogenic N-nitroso compound in the stomach. Its antiproliferative and pro-apoptotic action has been suggested in vitro [5] . The person with H. pylori infection has low levels of vitamin C in their gastric juice and levels of vitamin C normalizes on eradication of H. pylori. Vitamin C levels are high in gastric mucosa and gastric juice, sometimes more than that of in plasma. But gastric pathological conditions cause lowered secretion of vitamin C into gastric juice [6] . Vitamin C cannot be synthesized in human beings hence must be supplied through dietary sources. Citrus fruits, rich in vitamin C have been found to have protective effect against the risk of development of gastric cancer.
Numerous researchers reported association of higher dietary intakes of vitamin C with decreased risk of gastric cancer because of its interrelation with H. pylori [7] . There is limited epidemiological evidence about the reduction of gastric cancer prevalence on supplementation of high doses of vitamin C. Lam et al investigated the association between prediagnostic serum vitamin C level and risk of incident gastric adenocarcinoma in high risk Chinese case-cohort study. Their results showed significant inverse association between higher plasma vitamin C concentration and risk of gastric cancer. They also documented 27% reduction in risk of gastric cancer among individuals with normal vitamin C concentration [8] . M Jenab and colleagues investigated the association between plasma and dietary vitamin C levels with the risk of gastric cancer in a case-control study, which was nested within EPIC-EURGAST large cohort involving 10 European countries. They observed inverse gastric cancer risk in the highest versus lowest quartile of plasma vitamin C. Subjects consuming more red and processed meats had more pronounced inverse association which may be due to increased production of endogenous N-nitroso compound [9] . Some of the small sampled case-control studies reported 30-70% reduction in the prevalence of gastric cancer among people having the high intake of vitamin C. In cancer Prevention Study, participants with higher intake of vitamin C for short duration at the time of enrollment were observed to have reduced risk of gastric cancer [10] . Ma JL et al reported statically significant reduction in gastric cancer mortality in study group who received supplementation of vitamin C, vitamin E and selenium, while no effect observed on incidence of gastric cancer [11] . It may be advisable to increase intake of vitamin C enriched food for prevention of gastric cancer. In one of Indian study, researchers observed significantly lower levels of plasma vitamin C among gastric cancer patients as compared to healthy controls [12] .
H. pylori and Vitamin C in Gastric Cancer
Chronic infection of H. pylori has been identified as a major risk factor for gastric cancer. It can lower the levels of vitamin C by reducing its systemic bioavailability and concentration of vitamin C in gastric juice. The low dietary intake of vitamin C rich food can enhance the progression of gastric dysplasia to gastric cancer and supplementation of vitamin C can increase rate of regression of gastric premalignant lesions [6, 13] . Zhang Z-W investigated in-vitro effects of vitamin C on gastric cancer cells and H. pylori. They found inhibitory effect of ascorbic acid on growth of gastric cell growth and H pylori induced cell cycles but this inhibitory effect was lost among patients with H. pylori infection [7] . Vitamin C in gastric juice confers protection against gastric cancer but H. pylori significantly reduce its concentration. Gastric juice vitamin C levels vary according to methods of estimation and the subjects involved in the studies. The limit has been described in the range of 50-400 uM. Effect of H. pylori on vitamin C in gastric juice is reversible and on eradication of H. pylori, it returns to normal level [14, 15] Hence, eradication of H. pylori and chemoprevention with antioxidant supplementation will be an effective preventive strategy to reduce the incidence of gastric cancer and related mortality. Among Korean population dietary vitamin C intake was found to have chemopreventive effect that may reduce risk of gastric cancer. But among H. pylori infected person, this protective effect is lost [16] . Plummer M and colleagues determined the effect of vitamin C, E and beta-carotene on the prevention for protection against precancerous lesions of gastric cancer. But these antioxidant micronutrients could not be proved as effective tools for chemoprevention of gastric cancer [17] . Vitamin C deficiency is linked to H. pylori associated gastritis and high risk of gastric cancer. Some of the observational studies and meta-analyses supported protective effects of vitamin C against gastric cancer. [2, 18] . However, some researchers reported inconsistent association between vitamin C and gastric cancer [19] [20] [21] [22] . Another important concern in chemoprevention with vitamin C is its dose to be administered. Kim et al found 170mg per day vitamin C to be beneficial for protection against gastric cancer among high-risk patients with H. pylori infection [2] . To study the effect of intravenous ascorbic acid on progression free and overall survival and response rate among advanced gastric cancer cases, an interventional clinical trial in phase III as first line therapy is undergoing [23] .
Conclusion
Vitamin C and gastric cancer is an area of potential interest for researchers as a preventive measure. H. pylori is a major risk factor to promote the development of gastric cancer almost among 65-80% of the cases. Levels of vitamin C in gastric juice are reduced among people with H. pylori infection. Vitamin C has shown the beneficial protective role among high-risk population in prevention of gastric cancer for which H. pylori is a significant risk factor. The role of vitamin C in the chemoprevention of gastric cancer needs to evaluate among high-risk population. It needs wellconducted population based prospective clinical trials.
